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FOREWORD 


This  report  contains  quantitative  data  to  substantiate  the  conclu¬ 
sions  and  recommendations  made  in  FTC-TR-71-50 ,  UII-1N  Category  II  Flying 
Qualities  Evaluation  (reference  1) .  The  tests  were  conducted  at  the  Air 
Force  Flight  Test  Center,  Edwards  Air  Force  Base,  California,  and  at 
test  sites  near  Bishop,  California,  between  18  March  and  20  September 
1971,  under  the  authority  of  AFFTC  Proiect  Directive  69-49H,  r>  October 
1970  . 

The  authors  of  this  report  wish  to  express  their  appreciation  to 
Sergeant  W.  Thomas  Geary  for  his  efforts  in  the  preparation  of  this 
report . 

Foreign  announcement  and  dissemination  by  the  Defense  Documentation 
Center  are  not  authorized  because  of  technology  restrictions  of  'tie  IJ.G. 
Export  Control  Acts  as  implemented  by  AFR  400-10. 

Prepared  by:  Reviewed  and  appreved  by: 

20  DECEMBER  1971 


TIMOTHY  P.  NASAL 
Flying  Qualifies  Engineer 


JAMES  W.  WOOD 
Colonel,  USAF 
Commander,  6510th  Test  Wing 


ROBERT  M.  WHITE 
Brigadier  General,  US  AF 
Commander 


This  report  contains  the  test  data  and  test  techniques  used  in 
arriving  at  the  conclusions  and  recommendations  reported  in  AFFTC  Tech¬ 
nical  Report  FTC-TR-7 1-50 ,  UH-1N  Category  II  Flying  Qualities  Evaluation, 
November  1971. 
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acft  aircraft 

BilC  Bell  Helicopter  Company 

eg  center  of  gravity  (in.) 

Up  pressure  altitude  (ft) 

IGE  in  ground  effect 

KCAS  knots  calibrated  airspeed  (kt) 

Nr  main  rotor  speed  (rpm) 

OAT  outside  air  temperature  (  ambient)  (deg  C) 

OGE  out  of  ground  effect 

Ta  ambient  temperature  (deg  C) 

s  sideslip  angle  (deg) 

change  in  sideslip  angle  (deg) 

p  change  in  tail  rotor  pedal  position  (in.) 

sa  change  in  pilot's  lateral  control  stick 

position  (in.) 

se  change  in  pilot's  longitudinal  control 

stick  position  (in.) 
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The  basic  airframe  of  the  UH-1N  was  a  UH-1D  fuselage  with  a  modified 
nose  section  and  alterations  to  accommodate  a  twin-engine  power  package. 
Both  main  rotor  and  tail  rotor  blades  were  modified  from  the  standard 
configuration,  and  the  tail  rotor  was  a  tractor  rotor,  rather  than  the 
more  conventional  pusher  rotor.  The  flight  tests  were  conducted  to 
evaluate  the  flying  qualities  at  various  conditions  representative  of 
the  operational  flight  envelope. 


INTRODUCTION 


TEST  AND  EVALUATION 


GENERAL 

In  this  report,  outside  air  temperature  (OAT)  is  equal  to  ambient 
temperature  (Ta) .  Unless  otherwise  noted,  the  lateral  center  of  gravity 
location  for  these  tests  was  on  the  aircraft  centerline. 

CONTROL  SYSTEM  MECHANICAL  CHARACTERISTICS 

Ground  tests  were  conducted  to  determine  the  f orce-versus-position 
characteristics  of  the  artificial  feel  system  of  the  cockpit  flight  con¬ 
trols.  The  longitudinal  cyclic  force,  lateral  cyclic  force,  and  collec¬ 
tive  stick  force  were  recorded  on  the  oscillograph;  directional  control 
force  was  recorded  using  a  hand-held  force  gauge  because  the  directional 
control  tube  strain  gauges  delaminated. 

Because  they  were  affected  when  the  rotors  were  turning,  directional 
and  collective  force-versus-position  characteristics  were  determined  with 
the  rotors  turning  and  with  the  rotors  stationary.  Longitudinal  and 
lateral  cyclic  force-versus-position  characteristics  were  not  influenced 
by  rotor  motion,  and  are  therefore  presented  only  for  the  rotors  stationary 
condition.  Control  positions  and  where  possible,  control  forces,  were 
obtained  from  the  oscillograph  outputs.  Forces  were  then  correlated  with 
data  obtained  using  a  calibrated  hand-held  force  gauge.  The  results  of 
the  control  system  force-versus-position  tests  are  presented  in  figures 
1  through  6. 

LONGITUDINAL  SPEED  STABILITY 

Tests  were  conducted  to  determine  the  apparent  longitudinal  speed 
stability  characteristics  of  the  helicopter,  as  evidenced  by  the  varia¬ 
tion  of  longitudinal  cyclic  position  with  changes  in  airspeed  while  at 
a  constant  power  setting.  The  aircraft  was  stabilized  at  the  desired 
test  conditions,  and  airspeed  was  varied  about  the  trim  value  using 
longitudinal  cyclic  control  only.  The  aircraft  was  maintained  in  wings 
level,  .:ero  sideslip  flight,  and  the  collective  pitch  control  was  held 
at  its  trim  position.  Data  were  recorded  at  stabilized  speeds  above  and 
below  the  trim  airspeed.  For  the  climb,  powered  descent  and  autorotation 
test  conditions,  the  values  presented  for  pressure  altitude  (Up)  and 
outside  air  temperature  (OAT)  are  the  average  values  obtained  during  the 
test.  The  longitudinal  speed  stability  of  the  UH-1N  aircraft  was  affected 
by  power  required,  store  loadings,  and  center  of  gravity  location.  The 
most  significant  effect  was  due  to  changes  in  power  required. 

Any  conditions  which  required  more  power  required  more  forward  and 
right  cyclic  and  more  left  pedal.  The  power  required  increased  with  an 
increase  in  altitude,  the  addition  of  external  armament,  an  increase  in 
airspeed,  or  a  change  in  flight  condition  (such  as  a  climb) .  All  of 
these  conditions  were  investigated  during  theses  tests. 

The  slope  of  longitudinal  stick  position  versus  airspeed  did  not 
change  with  a  change  in  power,  however,  the  slopes  of  pedal  position  and 
lateral  cyclic  position  versus  airspeed  were  reduced  during  climb  and 
remained  unchanged  during  level  flight,  powered  descent,  and  autorotation. 
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The  addition  of  external  armament  required  more  forward  and  right 
cyclic,  and  more  left  pedal  due  to  the  increase  in  power  required.  The 
addition  of  armament  reduced  the  slope  of  longitudinal  stick  position 
versus  airspeed  under  all  conditions ,  and  reduced  the  slope  of  pedal 
position  versus  airspeed  during  level  flight,  power  descent,  and  autoro¬ 
tation.  The  effect  of  armament  on  the  slope  of  lateral  cyclic  position 
versus  airspeed  under  all  conditions,  and  on  the  slope  of  pedal  posi¬ 
tion  versus  airspeed  during  climb  was  negligible. 

In  all  cases,  the  movement  of  the  center  of  gravity  from  forward  to 
aft  reduced  the  slope  of  the  control  position  versus  airspeed  curve. 

Pitch  attitude  data  are  not  presented  because  of  an  instrumentation 
malfunction.  Results  of  the  longitudinal  speed  stability  tests  are 
presented  in  figures  7  through  34. 

STATIC  LATERAL-DIRECTIONAL  STABILITY 

Tests  were  conducted  to  determine  the  apparent  static  directional 
stability,  as  evidenced  by  variations  in  pedal  position  with  changing 
sideslip  angle;  and  apparent  dihedral  effect,  as  evidenced  by  variations 
in  lateral  cyclic  control  position  with  changes  in  sideslip  angle.  The 
aircraft  was  trimmed  in  wings  level,  zero  sideslip  flight.  Sideslip 
angle  was  then  increased  until  the  Flight  Manual  limits  were  reached, 
until  there  was  insufficient  control  authority  available  to  increase 
sideslip  angle,  or  until  the  aircraft  motion  dictated  a  reduction  in 
sideslip  angle.  The  collective  pitch  control  was  held  fixed  in  its  trim 
position  during  these  tests,  and  longitudinal  cyclic  control  was  used  as 
necessary  to  maintain  the  trim  airspeed.  Average  values  of  Hp  and  OAT 
are  presented  for  the  climb,  powered  descent  and  autorotation  trim  condi¬ 
tions.  Summary  plots  of  changes  in  control  position  per  change  in  side¬ 
slip  angle  were  derived  separately  for  left  and  right  sideslips.  The 
slopes  of  control  positions  versus  sideslip  angle  were  determined  (in¬ 
dependently)  for  left  and  right  sideslips  in  the  range  from  zero  to  20 
degrees  sideslip  angle  and  are  presented  in  figures  35  and  36  as  change 
in  control  position  per  degree  of  change  in  sideslip  angle  versus  cali¬ 
brated  airspeed  for  several  contrasting  conditions. 

For  left  sideslips  an  increase  in  altitude  resulted  in  more  right 
pedtl,  left  lateral  cyclic  stick,  and  forward  longitudinal  cyclic  stick 
displacement  per  degree  change  in  sideslip  angle  than  was  evidenced  at 
low  altitude.  Shifting  the  center  of  gravity  from  forward  to  aft 
generally  resulted  in  the  same  variation  as  noted  with  altitude  changes. 

At  an  aft  center  of  gravity,  addition  of  armament  resulted  in  less  right 
pedal  displacement,  less  left  lateral  stick  displacement  and  more  forward 
longitudinal  stick  displacement  per  degree  change  in  sideslip  angle  than 
was  required  in  the  clean  configuration.  The  effect  of  armament  on  pedal 
position  changes  were  reversed  from  those  noted  above  for  the  forward 
center  of  gravity  loading. 

For  right  sideslips,  an  increase  in  altitude  produced  a  negligible 
change  in  pedal  displacement  and  increases  in  right  lateral  and  forward 
longitudinal  stick  displacement  per  unit  change  in  sideslip  angle.  An 
aft  center  of  gravity  produced  increases  in  left  pedal  and  right  lateral 
cyclic  stick  displacement  per  unit  change  in  sideslip  angle.  The  value  of 
longitudinal  cyclic  stick  displacement  per  unit  change  in  sideslip  angle 


was  lower  at  an  aft  eg  at  airspeeds  from  50  to  60  knots  calibrated  air¬ 
speed  (KCAS '  ,  but  higher  for  airspeeds  from  60  to  100  KCAS  than  at  a 
forward  eg  loading.  The  value  of  longitudinal  stick  displacement  per 
unit  change  in  sideslip  angle  was  negative  above  65  KCAS;  positive  else¬ 
where.  At  an  aft  eg,  the  addition  of  armament  resulted  in  less  pedal 
and  lateral  cyclic  stick  displacement  per  unit  change  in  sideslip  angle, 
and  affected  the  longitudinal  characteristics  in  much  the  same  manner  as 
noted  above  for  an  aft  eg.  As  was  the  case  for  left  sideslips,  the 
effect  on  pedal  displacement  of  adding  armament  while  at  a  forward 
center  of  gravity  loading  was  reversed  from  the  effect  noted  at  an  aft 
center  of  gravity  loading. 

The  results  of  the  static  directional  stability  tests  are  presented 
in  figures  35  through  82.  A  divergent,  but  readily  controllable,  mode 
of  response  was  noted  during  flight  at  large  sides’ ip  angles.  A  Lime 
history  of  this  divergence  in  pitch  and  yaw  is  presented  in  figure  83. 

LONGITUDINAL  DYNAMIC  STABILITY 

Tests  were  conducted  to  evaluate  the  long  period  dynamic  stability 
(phugoid  response)  characteristics  of  the  aircraft.  The  aircraft  was 
stabilized  at  the  desired  flight  conditions,  and  airspeed  was  slowly 
reduced  to  a  value  10  knots  below  the  trim  airspeed.  The  longitudinal 
cyclic  was  then  quickly  and  smoothly  returned  to  and  held  at  the  trim 
position;  precise  control  return  to  the  trim  position  being  assured 
through  use  of  a  control  fixture.  Lateral  and  directional  oscillations 
were  kept  to  a  minimum  while  the  aircraft  responded,  and  the  collective 
pitch  control  was  held  in  at  trim  position  during  the  response.  Average 
values  of  Hp ,  OAT  and  rotor  speed  ( Nj< )  are  presented  for  the  climb, 
powered  descent,  and  autcrotation  trim  jonditions.  For  the  level  flight 
tests,  tram  condition  values  are  pres'  -ed  for  Up,  OAT,  and  'Jr.  Time 
histories  of  the  longitudinal  dynamic  tability  tests  are  presented  in 
figures  84  through  93. 

CONTROL  POWER 

Aircraft  responses  to  rapid  step-type  control  inputs  were  determined 
for  a  number  of  flight  conditions  within  the  flight  envelope.  With  the 
aircraft  stabilized  at  the  desired  trim  conditions,  step  control  inputs 
of  varying  magnitude  were  made  using  a  control  fixture.  Responses  about 
axes  other  than  the  axis  of  interest  were  kept  to  a  minimum  by  the  pilot. 
The  control  input  was  held  until  aircraft  motion  stabilized  or  until 
corrective  action  was  deemed  necessary  by  the  pilot.  Intermediate  plots 
were  made  of  control  input  magnitude  (in  inches)  versus  changes  in  atti¬ 
tude,  rate,  and  acceleration  about  the  axis  of  interest.  Changes  in 
attitude  for  the  longitudinal  and  directional  control  inputs  were  read 
one  second  after  initiation  of  the  input;  for  lateral  inputs,  attitudes 
were  read  0.5  seconds  after  initiation  of  the  control  input.  Rates  and 
accelerations  were  measured  at  their  maximum  values  for  inputs  about  all 
three  axes.  These  intermediate  plots  were  faired,  and  the  slopes  of  the 
fairings  (straight-line  fairings)  were  computed  and  plotted  against 
calibrated  airspeed.  These  summary  plots  of  the  control  response 
characteristics  are  presented  in  figures  94  through  96.  Typical  aircraft 
responses  to  step  control  inputs  during  hovering  and  forward  flight  are 
presented  in  figures  97  through  108. 
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CONTROL  REACTION  TIME 


Tests  were  conducted  to  determine  response  to  abrupt  moderate  devia¬ 
tions  from  trim  conditions .  With  the  aircraft  trimmed  at  the  desired 
test  conditions  a  rapid  pulse-type  control  input  of  approximately  one- 
inch  magnitude  and  0.5  seconds  duration  was  made  about  the  axis  of 
interest.  A  control  fixture  was  used  to  assure  accurate  control  inputs, 
and  all  controls  were  held  in  their  trim  positions  during  the  resulting 
motion.  Time  histories  of  aircraft  responses  to  pulse  control  inputs 
are  presented  for  a  number  of  flight  conditions  in  figures  109  through 
173. 

SLOW  SPEED  FLIGHT 

Tests  were  conducted  to  determine  control  position  trim  curves  and 
flying  characteristics  during  slow  speed  ilight  in  ground  effect.  The 
aircraft  was  stabilized  in  slow  speed  rearward  flight  at  approximately 
15  feet  skid  height  by  pacing  a  calibrated  ground  vehicle.  Height  above 
the  ground  was  maintained  by  monitoring  the  radar  altimeter.  A  ground 
wind  station  recorded  wind  velocity,  and  airspeed  was  determined  through 
a  vector  addition  of  ground  vehicle  velocity  and  wind  velocity.  Control 
positions  were  recorded  in  stabilized  flight  at  a  number  of  test  speeds. 
Figures  174  through  179  present  the  results  of  the  slow  speed  forward  and 
rearward  flight  control  position  trim  curve  tests.  It  should  be  noted  that 
the  curves  for  flight  upwind  differ  from  those  flown  downwind,  even 
though  the  velocity  vectors  were  adjusted  to  allow  for  the  wind  speed. 

Sideward  and  rearward  flight  were  also  accomplished  at  approximately 
a  15-foot  skid  height  paced  by  a  calibrated  ground  vehicle.  Test  data 
were  acquired  at  a  number  of  airspeeds  and  relative  wind  azimuths  varying 
from  90  degrees  clockwise  off  the  aircraft  nose  (right  sideward  flight) 
through  180  degrees  (rearward  flight)  to  270  degrees  (left  sideward 
flight)  .  Ambient  wind  velocites  were  again  recorded  by  a  ground  wind 
station,  and  the  data  was  corrected  for  ambient  wind  velocities  above 
one  knot  through  a  vector  addition  of  velocities.  During  these  tests 
the  aircraft  was  reballasted  after  each  200-pound  increment  of  fuel  was 
burned  off  in  order  to  maintain  a  nearly  constant  thrust  coefficient  and 
nearly  constant  values  of  longitudinal  and  lateral  eg  location.  Figures 
180  through  206  present  the  results  of  the  sideward  and  rearward  flight 
tests.  Figure  207  presents  a  time  history  of  the  high  pilot  workload 
experienced  during  an  acceleration  from  a  trim  in  hover  at  a  15-foot 
skid  height  to  30  knots  rearward  flight  speed  at  the  same  skid  height. 

HOVER  IN  WINDS 

Sideward  and  rearward  flight  tests  have  been  used  to  simulate  the 
flight  task  of  hovering  over  a  spot  in  ambient  winds  (as  during  rescue 
operations).  As  a  part  of  an  examination  of  the  adequacy  of  the  simula¬ 
tion,  hover  over  a  spot  during  moderate  ambient  winds  was  conducted  at 
conditions  designed  to  duplicate  previous  sideward  and  rearward  flight 
tests  conducted  in  calm  wind  conditions.  The  aircraft  was  stabilized 
in  a  hover  at  a  15-foot  skid  height  over  a  point  on  the  ground,  and  the 
control  positions  were  recorded  on  the  oscillograph  while  a  ground  sta¬ 
tion  nearby  recorded  ambient  wind  velocity.  The  aircraft  heading  was 
varied  in  10-degree  increments  until  an  entire  compass  swing  was  made. 
Figures  208  and  209  present  the  control  position  during  hover  in  winds 
data. 
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APPENDIX  II 

T«tl  Instrumentation 

Test  instrumentation  supplied  by  AFFTC  was  installed  by  Bell  Heli¬ 
copter  Company  (BHC)  of  Fort  Worth,  Texas,  in  accordance  with  AFFTC  draw¬ 
ings.  Initial  calibrations  were  accomplished  by  BHC  with  subsequent 
calibrations,  modifications,  and  maintenance  being  accomplished  by  AFFTC. 
The  basic  instrumentation  package  consisted  of  a  CEC  5-119-P3-5  50  -channel 
oscillograph,  a  photorecoidor ,  a  time  correlation  system  and  associated 
sensors  and  wiring. 

INSTRUMENTATION  LIST 


Instrument 

Photorecorder 

Airspeed  -  Standard  Ship  System 
Airspeed  -  Noseboom  System 
Altitude  -  Standard  Ship  System 
Altitude  -  Noseboom  System 

Compressor  Inlet  Pressure  -  Power  Section  No.  1 
Compressor  Inlet  Pressure  -  Power  Section  No.  2 
Compressor  Inlet  Temperature  -  Power  Section  No.  1 
Compressor  Inlet  Temperature  -  Power  Section  No.  2 
Inter-Turbine  Temperature  -  Power  Section  No.  1 
Inter-Turbine  Temperature  -  Power  Section  No.  2 
Gas  Generator  Speed  -  Power  Section  No.  1 
Gas  Generator  Speed  -  Power  Section  No.  2 
Power  Turbine  Speed  -  Power  Section  No.  1 
Power  Turbine  Speed  -  Power  Section  No.  2 
Main  Rotor  Speed 

Fuel  Temperature  -  Power  Section  No.  1 
Fuel  Temperature  -  Power  Section  No.  2 

Compressor  Bleed  Air  Temperature  -  Power  Section 
No.  1 

Compressor  Bleed  Air  Temperature  -  Power  Section 
No.  2 

Output  Torque  -  Power  Section  No.  1 
Output  Torque  -  Power  Section  No.  2 
Normal  Load  Factor 

Outside  Air  Temperature  (Noseboom  Sensor) 

Angle  of  Sideslip  (Noseboom) 

Angle  of  Attack  (Noseboom) 


Calibration 

Range 

15  to  140  kt 

15  to  140  kt 

-500  to 

+  26 

,000 

ft 

-500  to 

+  26 

,000 

ft 

-500  to 

+  26 

,000 

ft 

-500  to 

+  26 

,000 

ft 

-50  to 

+130 

deg 

C 

-50  to 

+  130 

deg 

C 

50  to  1 

,200 

deg 

C 

50  to  1 

,200 

deg 

C 

0  to  4  , 

600 

rpm 

0  to  4  , 

600 

rpm 

0  to  4  , 

6  50 

rpm 

0  to  4  , 

650 

rpm 

280  to 

340 

rpm 

-55  to 

+  224 

deg 

c 

-55  to 

+  224 

deg 

c 

0  to  290  deg  C 

0  to  300  deg  C 

0  to  140  ps 

i 

0  to  140  ps 

i 

-1.5  to 

4.0 

g's 

-50  to 

+  90 

deg  ( 

2 

45  deg 

It  to  45 

deg  rt 

45  deg 

dn  to  45 

deg  up 

,tv 
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Oscillograph 

Longitudinal  Cyclic  Control  Force 
Lateral  Cyclic  Control  Force 
Collective  Control  Force 
Directional  Control  Force 
Directional  Control  Position 
Collective  Control  Position 
Lateral  Cyclic  Control  Position 
Longitudinal  Cyclic  Control  Position 
Angle  of  Sideslip  (Noseboom) 

Angle  of  Attack  (Noseboom) 

Normal  Load  Factor 
Vertical  Vibration  it  Acft  eg  . 
Lateral  Vibration  at  Acft  eg 
Angle  of  Yaw 
Roll  Rate 

Throttle  Position  -  Power  Section  No. 
Throttle  Position  -  Power  Section  No. 
Pitch  Rate 
Yaw  Rate 

Yaw  Angular  Acceleration 

Roll  Angular  Acceleration 

Pitch  Angular  Acceleration 

Main  Rotor  Shaft  Torque 

Main  Rotor  Pitch  Link  Load 

Angle  of  Pitch 

Tail  Rotor  Shaft  Torque 

Bank  Angle 

Load  Cell  Tension 

Lateral  Vibration  at  Pilot's  Seat 

Vertical  Vibration  at  Pilot's  Seat 

Bridge  Voltage 

Event  Marker 

Fuel  Flow  -  Power  Section  No.  1 
Fuel  Flow  -  Power  Section  No.  2 


+  30  lb 

+83/-85  lb 

+30  lb  (pull/push) 

+24/-22  lb 

30.5  deg/6.9  in. 
26.0  deg/9.6  in. 

29.5  deg/12.4  in. 

29.5  deg/12.5  in. 
+45  deg 

+45  deg 
+S/-2  g’s 

°-5  Single  Amplitude  Q  fc0  36  Hz 

g 

+120  deg 
+75  deg/sec 

1  0  to  100  pet 

2  0  to  100  pet 
+75  deg/sec 
+75  deg/sec 
+75  deg/sec^ 

+75  deg/sec^ 
+75/deg/sec2 

0  co  20,000  ft-lb 
0  to  2,000  lb 
+80  deg 

0  to  1,400  ft-lb 
+  80  deg 
0  -5,000  lb 

0-5  Single  Amplitude  Q  tQ  35  Hz 

g 

+100  volts 

counts  (tenth  of 
a  gallon) 
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Pilot's  Station 


Airspeed  (Noseboom) 

15  to  140  kt 

Main  Rotor  Speed 

280  to  340  rpm 

Altitude  (Noseboom  System) 

-500  to  26,000 

ft 

Rate  of  Climb 

0  to  3,500  ft/min 

Normal  Load  Factor 

-1.5  to  +4.0  g' 

s 

Angle  of  Sideslip  (Noseboom) 

+45  deg 

Angle  of  Attack  (Noseboom) 

+45  deg 

Copilot's  Station 

Airspeed  (Noseboom) 

15  to  140  kt 

Airspeed  (Standard  Ship  System) 

15  to  140  kt 

Altitude  (Noseboom) 

-500  to  26,000 

ft 

Altitude  (Standard  Ship  System) 

-500  to  26,000 

ft 

Main  Rotor  Speed 

280  to  340  rpm 

Outside  Air  Temperature 

-50  to  +100  deg 

c 

Correlation  Counter 

— 

Load  Cell  Tension 

0  to  5,000  lb 

Instrumentation  Control  Panel 
Stepper  Motor  Timers 

Fuel  Control  Unit  Bleed  Line  Shutoff  Valve  Switch 

Pitch/Roll/Yaw  Attitude  Gyro  Uncaging -Switches 

Instrumentation  Power  Supply  Switches 

Camera  Operating  Switch 

Oscillograph  Operating  Switch 

Event  Button 

Fuel  Used  Counters 
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APPENDIX  III 
Aircraft  Description 

The  UH-1N  helicopter  had  a  single  two-bladed  lifting  rotor  and  a 
two-bladed  tractor  anti-torque  (tail)  rotor  instead  of  the  more  conven¬ 
tional  pusher  ar.ti-torque  rotor.  The  basic  airframe  was  a  UH-lD  fuselage 
with  a  modified  nose  section  and  fuselage  alterations  to  accommodate  the 
twin-engine  package.  Main  rotor  blades  were  "thin  tip"  blades;  the  basic 
NACA  0012  airfoil  was  modified  by  introducing  a  linear  taper  in  thickness 
from  a  12-percent  airfoil  section  at  the  80-percent  span  point  to  a  6- 
percent  airfoil  section  at  the  blade  tip,  and  by  then  attaching  a  2-3/8- 
inch  chordwise  extension  to  the  blade  trailing  edge.  Tail  rotor  blades 
were  also  of  the  "thin  tip"  design,  but  without  the  trailing  edge  exten¬ 
sion. 


The  aircraft  was  powered  by  a  United  Aircraft  of  Canada  Limited 
T400-CP-400  power  package  consisting  of  two  PT6T  free-turbine  turboshaft 
engines,  each  with  an  uninstalled  rating  of  900  shaft  horsepower  at  sea 
level,  standard  day  conditions.  The  power  sections  were  coupled  to  a 
combining  gearbqx  which  had  a  single  output  shaft  to  drive  the  uprated 
(1,250  shaft  horsepower)  main  transmission.  Overrunning  clutches  in  the 
two  drives  of  the  power  sections  permitted  torque  to  be  transmitted  in 
one  direction  only,  providing  for  single-engine  operation  and  two-engine- 
out  autorotation.  An  automatic  torque  matching  unit  provided  for  balanced 
load  sharing  between  the  two  power  sections.  The  torque  matching  unit 
received  oil  pressure  signals  from  each  power  section  proportional  to 
the  torque  output  of  that  engine.  Equalization  of  engine  output  torques 
was  achieved  by  comparing  the  two  torque  pressures  and  then  sending  an 
"increase  fuel  flow"  signal  to  the  automatic  fuel  control  unit  of  the 
relatively  low-torque-output  power  section.  Two  completely  independent 
and  irreversible  control  hydraulic  boost  systems  were  provided.  System 
1  supplied  boost  pressure  to  the  cyclic,  directional,  and  collective 
controls  while  System  2  provided  hydraulic  boost  pressure  to  the  cyclic 
and  collective  controls  only.  Pressure  was  supplied  by  two  transmission- 
driven  pumps.  Movement  of  the  controls  actuated  a  power  cylinder  servo 
valve  which  admitted  pressure  to  the  appropriate  boost  cylinder. 

A  force  trim  system  was  incorporated  in  the  cyclic  and  directional 
controls.  The  system  provided  a  force  gradient  or  "feel"  to  the  cyclic 
control  stick  and  pedal  controls  by  means  of  springs  and  magnetic  brake 
release  assemblies. 


DIMENSIONS  AND  DESIGN  DATA* 


Overall  Dimensions 

Aircraft  length  (rotors  (turning) 

Height  (to  top  of  turning  tail  rotor) 

Height  (to  top  of  rotor  crown) 

Aircraft  width  (rotors  turning) 

Aircraft  width  (rotors  stopped  parallel  to  fuselage) 
Skid  width 

‘Data  obtained  from  rafaranc*  2. 


57  ft  0.7  in. 
14  ft  4.7  in. 
13  ft  1  in. 

4  8  ft 

9  ft  4  in. 

8  ft  8.4  in. 
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U - - 57  FT  0.7  In. 


Main  Rotor 
Number  of  blades 
Rotor  diameter 
Rotor  disc  area  (A) 

Blade  chord 
Blade  airfoil 

Blade  root  to  80-percent  radius 

From  80-percent  radius  blade  tapered  to 

Main  rotor  clearance  (ground  to  tip  rotor  static 
against  stops) 

Forward  tilt  of  rotor  shaft 


48  ft 

1809.0  sq  ft 
23.375  in. 

NACA  0012  (modified) 
NACA  0006  (modified 
7  ft  2  in. 


5  dea 


0  to  +15 


Main  Rotor  Blades 

Pitch,  collective  (measured  at  the  75-percent 
radius  station 

Pitch,  cyclic  (measured  at  hub  yoke) 
Longitudinal 
Lateral 
Flapping 
Preconing  angle 
Blade  twist  (total) 

Tail  Rotor 
Number  of  blades 
Diameter 
Solidity  ratio 

Tail  Rotor  Blades 
Blade  chord  (constant) 

Blade  twist 
Hub  precone  angle 
Airfoil  section 


Aspect  ratio 
Range  of  flapping 


Main  Rotor  Speeds 


Power  on  design  maximum 
Power  on  design  minimum 
Power  off  design  maximum 
Power  off  design  minimum 
Power  on  or  off  -  limit 


+12  deg 
+10  deg 
+11  deg 

2.75  deg 
-10  deg 

2 

8  ft  6  in. 

0.1436 

11.5  in. 

0  deg 

1.5  deg 

NACA  0018  at  Sta 

12.75  tapering  to 
NACA  0008.27  at 
Sta.  510.0 

8.9 

+  8  deg 

324  rpm 
294  rpm 
339  rpm 
294  rpm 
356  rpm 


Gear  Ratios 

Engine  power  turbine  speed  to  engine  output  5:1 

shaft  speed 

Main  rotor  transmission  (engine  output  shaft  20.37:1 

speed  to  main  rotor  speed) 

90 -degree  gearbox  2.59:1 

Intermediate  gearbox  1:1 

Engine  output  shaft  speed  to  tail  rotor  speed  3.98:1 

Tail  rotor  speed  to  main  rotor  speed  5.122:1 


at  6,600  pounds  (basic  design  gross  weight) 
Maneuver  loads  (g's) 

Pos iti ve 
Negative 

at  10,000  pounds  (alternate  mission  gross  weight) 
Positive 
Negative 

Design  Maximum  Speed 
Leve]  flight 
Sideward  flight 
Rearward  flight 

Main  Transmission  Rating 

(at  6,400  rpm  output  shaft  speed) 

Takeoff  (5-minute) 

Normal  (continuous) 

Weights 

Design  gross  weight 

Maximum  gross  weight 

Fuel  capacity  (test  aircraft) 

Test  aircraft  empty  gross  weight  (serviced  with 
oil,  test  instrumentation  installed,  trapped 
fuel) 

Test  aircraft  empty  eg  location  (full  oil,  test 
instrumentation  installed,  trapped  fuel) 


130  KTAS 
35  KTAS 
30  KTAS 


1250  SHP 
1100  SHP 

6,600  lb 

10,500  lb 

210  gal 
(1,380  lb) 

6,597  lb 


145.0  in. 

(fuselage  station) 


Control  Ric 


Collective  control  full  down  -  Main  rotor  blade 
pitch  angle  at  blade  root 

Collective  control  full  up  -  Main  rotor  blade 
pitch  angle  at  blade  root 

Right  pedal  full  forward  -  Tail  rotor  blade 
pitch  angle  at  blade  root 

Left  pedal  full  forward  -  Tail  rotor  blade 
pitch  angle  at  blade  root 


7.0  deg 


21.0  deg 


■10.4  deg 


21.9  deg 


f 
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